Introduction: There have been several concerns about the quality of documentation in electronic health records (EHRs) when compared to paper charts. This study compares the accuracy of physical examination findings documentation between the two in initial progress notes. Methodology: Initial progress notes from patients with 5 specific diagnoses with invariable physical findings admitted to Beaumont Hospital, Royal Oak, between August 2011 and July 2013 were randomly selected for this study. A total of 500 progress notes were retrospectively reviewed. The paper chart arm consisted of progress notes completed prior to the transition to an EHR on July 1, 2012. The remaining charts were placed in the EHR arm. The primary endpoints were accuracy, inaccuracy, and omission of information. Secondary endpoints were time of initiation of progress note, word count, number of systems documented, and accuracy based on level of training. Results: The rate of inaccurate documentation was significantly higher in the EHRs compared to the paper charts (24.4% vs 4.4%). However, expected physical examination findings were more likely to be omitted in the paper notes compared to EHRs (41.2% vs 17.6%). Resident physicians had a smaller number of inaccuracies (5.3% vs 17.3%) and omissions (16.8% vs 33.9%) compared to attending physicians. Conclusions: During the initial phase of implementation of an EHR, inaccuracies were more common in progress notes in the EHR compared to the paper charts. Residents had a lower rate of inaccuracies and omissions compared to attending physicians. Further research is needed to identify training methods and incentives that can reduce inaccuracies in EHRs during initial implementation.
INTRODUCTION
The Health Information Technology for Economic and Clinical Health (HITECH) Act has ushered in the transition from paper charts to electronic health records (EHRs) in the United States. 1 HITECH is an incentive payment system, executed through Medicare and Medicaid, for clinicians and hospitals when they use EHRs to achieve specified improvements in care delivery. 2 Adoption of EHR systems by nonfederal acute care hospitals has steadily increased since HITECH, with 59% of nonfederal acute care hospitals using at least a basic EHR system in 2013. 3 Despite the perceived benefits, the transition to EHRs has not been without problems. Physicians' resistance to implementation of EHRs continues to be a serious challenge. [4] [5] [6] [7] Part of this resistance originates from how EHRs impact physicians' workflow. 5, 6 Because of the availability of remote access to EHRs, physicians are no longer required to compose their notes at the location of the patient. This has brought significant concerns about the ability to recall certain findings and to document correctly. Also, use of templates and the copy-paste function has increased verbosity, perhaps impairing communication through the daily progress note. 8, 9 The accurate delivery of information within the care team is vital when caring for a hospitalized patient. Although EHRs offer several advantages over paper documentation, [10] [11] [12] [13] concerns regarding accuracy remain. This study evaluates the accuracy of physical examination findings between EHRs and paper medical records following a health system's conversion to an EHR.
MATERIALS AND METHODS
This was a retrospective study assessing the accuracy of physical examination findings found in paper charts compared to an EHR. Approval by the Human Investigation Committee at Beaumont Health was obtained prior to initiation of the study. Medical records of inpatient admissions from August 1, 2011, to July 31, 2013, at Beaumont Hospital, Royal Oak, Michigan, were reviewed. This time frame was chosen because the hospital converted from paper documentation to a fully functional EHR (EPIC, Madison, WI, USA) on August 1, 2012.
Note selection
Medical charts were identified for this study by searching International Classification of Diseases, 9th Revision (ICD-9) codes for 5 diagnoses: permanent atrial fibrillation, aortic stenosis, intubation, lower limb amputation, and cerebrovascular accident (CVA) with hemiparesis. These diagnoses were chosen because certain physical findings would be expected to be invariably present on physical exam. The paper documentation arm consisted of patients admitted to the hospital between August 2011 and July 2012. The EHR arm consisted of patients admitted to the hospital between August 2012 and July 2013. Based on these criteria, 2820 medical charts in the paper documentation arm and 2767 charts in the EHR arm were identified. A random number generator was then used to select 50 charts from each diagnosis code for each arm. The existence of each diagnosis was verified by review of the medical charts by a reviewer not involved in data collection. Eleven medical charts from the paper documentation arm and 16 medical charts from the EHR arm were excluded due to uncertainty in diagnosis or inappropriate coding. A new medical chart was randomly selected and reviewed to replace any excluded chart. If a patient had more than 1 hospital admission during the study period, only the first hospital admission was included for progress note selection. The first daily progress note from the hospital admission was reviewed. History and physical examination notes, consults, and discharge summaries were not included. Only notes from internal medicine physicians were used. Both residents' and attending physicians' notes were included.
Data collection and outcomes
Data on baseline characteristics and outcome variables were collected by retrospective review of the medical records. It was not possible to blind data collectors to the type of chart being evaluated.
The primary outcome was the accuracy of documentation of the physical examination abnormality. This was recorded as being either accurate, inaccurate, or omitted (not recorded). Secondary outcomes were time of initiation of progress note, word count, number of systems documented, and comparison based on level of training. Data on length of stay and number of home medications were collected to compare complexity of patients between the 2 arms.
Definitions of endpoints
A physical examination finding was considered to be accurate if the expected finding for the diagnosis being evaluated was documented in the physical examination portion of the progress note. A physical examination finding was considered to be inaccurate if a normal finding or the opposite of the expected finding for the diagnosis being evaluated was documented. A physical examination finding was considered omitted if there was no mention of a physical finding associated with the diagnosis. A few examples of these are listed in Table 1 .
Statistical analysis
Statistical analysis was performed using SPSS 21 (SPSS Statistics for Windows, Version 21.0, released 2012, IBM Corp., Armonk, NY). Fisher's exact test was used for categorical variables and MannWhitney U-test was used for continuous variables. All tests were 2-sided. Statistical significance was considered at P < .05.
RESULTS
A total of 500 charts were reviewed for this study. There were no significant differences in mean age, sex, or medical complexity between the paper notes and the EHR notes ( Table 2 ). The proportion of notes written by residents and attending physicians was similar in both arms of the study. Approximately 75% of the notes were from attending physicians.
Accuracies, inaccuracies, and omissions
Inaccurate documentation was significantly higher in EHRs compared to paper notes (24% vs 4.4%) ( Table 3 ). There were more omissions in the paper notes compared to electronic notes (41.2% vs 17.6%). These findings were noted across most individual diagnoses except intubation. Accurate documentation rates were similar between paper charts and EHRs, at 54.4% and 58.4%, respectively.
Level of training analysis
Resident physicians had a significantly higher rate of accurate documentation compared to attending physicians, at 77.9% and 48.8%, respectively (P < .001) ( Table 4) . Resident physicians had fewer inaccuracies (5.3% vs 17.3%, P < .001) and omissions (16.8% vs 33.9%, P < .001) compared to attending physicians. When analyzed by the type of chart, resident physicians had higher accuracy compared to attending physicians in both paper charts and EHRs. They also had fewer omissions in paper charts and fewer inaccuracies in EHRs compared to attending physicians.
Time of initiation, word count, and number of systems documented in progress notes
Median time of initiation of note was different between paper charts and EHRs. Notes were initiated earlier in paper charts compared to EHRs, at 9:29 a.m. and 11:11 a.m., respectively. The median number of words in paper charts was 15, compared to 69 in EHRs (P < .001). The median number of systems documented in paper charts was 4, compared to 8 in EHRs (P < .001).
DISCUSSION
This study identifies several important findings. First, physical exam findings were more likely to be inaccurately documented in an EHR system. However, omissions were more likely to be found in a paper system. Second, resident physician documentation is more accurate than attending physician documentation, independent of the mode of documentation. Third, notes are written earlier in the workday in the paper system. Overall accuracy of documentation was poor, with only 54.4% and 58.4% accurately documenting physical exam findings in the paper system and the EHR, respectively.
Several studies have compared different aspects of accuracy between paper charts and EHRs and have demonstrated mixed results. [14] [15] [16] [17] [18] [19] A study on ophthalmology trainees showed similar accuracy of detecting standard physical examination findings between paper charts and EHRs; however, EHRs consumed more of the physician's time. 14 Another parallel study of paper and electronic notes demonstrated that 7% of electronic notes were significantly different and more incomplete documents were present in the EHR. 17 Our study identifies several significant differences from previously published studies. First, we identify that the type of error is dependent on the system being used. Omissions were more common in the paper system. We suspect this is due to physician time constraints. The lower number of words and systems documented in paper charts also supports this. Inaccuracies were more common in the EHR. We suspect this is due to the use of macros, templates, and copied notes. This theory would align with published reports regarding the prevalence of copied material in established EHRs. [20] [21] [22] [23] In addition, the inability to recall observations due to the significant time difference between patient visit and documentation may play a role. 24, 25 For each individual diagnosis that was more obvious at first look, such as intubation or amputation, the accuracy was higher, whereas inaccuracies and omissions were lower in both paper charts and EHRs. The converse was true for diagnoses that required more subtle and focused examination, such as atrial fibrillation or aortic stenosis. Prior studies have demonstrated that physicians spend less than half their time in direct patient care, including physical examination, 26 ,27 which may explain why there were more errors in cases of findings that required more subtle and thorough examination for detection. For both paper charts and EHRs, residents did better than attending physicians in terms of higher accuracy and fewer inaccuracies or omissions. This may be a result of increased oversight from other residents, medical students, and attending physicians in resident cases. Although oversight of resident activities can reduce medical errors, [28] [29] [30] its role in preventing documentation errors is not known. Also, residents' comfort and acceptance of EHR due to their younger age and ability to multitask may have led to improved documentation. [31] [32] [33] There are several strengths of this study to highlight. We analyzed physical examination documentation from real patient encounters rather than in a simulated environment. A large number of medical charts with specific physical exam findings were reviewed, which allowed us to detect differences between the 2 systems. Finally, our observations may provide some insight into other health systems as they convert from paper systems to EHRs.
There are several limitations of this study. Although the accuracy of the ICD-9 diagnosis code was reviewed and verified in the medical record, the actual presence of the physical exam abnormality was not confirmed at the time of documentation. The ability of individual physicians to detect physical exam abnormalities was not assessed. The severity of a given abnormality was not identified. Only initial progress notes were included, whereas history and physical examination notes, which may be more comprehensive, were excluded. Data collectors were resident physicians who were not blinded to the type of chart. The study was performed at a single center. Finally, an important limitation of this study is that the consequences of inaccurate documentation or omission of physical examination findings were not evaluated. Although these are both undesired, their adverse effects on patient care or outcomes is not well known.
CONCLUSION
During the initial phase of implementation of an EHR system, inaccuracies were more common in progress notes in EHRs compared to paper charts. Level of training is a factor that influences the accuracy of documentation. Inaccuracies in the EHR may be due to the use of templates and copied notes, and significant delay in the initiation of making notes. Hospital systems should discourage the use of copied notes and encourage completion of progress notes at the time of patient encounter during the initial phase of implementation of an EHR. As EHRs become more disseminated, research should focus on implementing training programs and incentives that support accurate documentation.
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